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The suppression of edge-localized modes (ELMs) by means of the externally applied resonant magnetic field perturbations (RMPs) 
and its effect on plasma transport is investigated actively on modern tokamaks. In present paper the modification of loss rates of 
fusion born alpha particles caused by application of RMPs in tokamak plasma is examined. This study has been performed by means
of test-particle simulations. To simplify calculations we use magnetic field model with circular magnetic surfaces. The transport
properties of alpha particles are investigated during 3 seconds time interval by tracing the test-particle ensemble. Each particle
trajectory is calculated by means of integration of full orbit equations. Three regimes of particle losses are identified during the 
evolution of the particle ensemble. The formation of magnetic islands together with the stochastic magnetic layers at the plasma edge 
is the natural consequence of RMPs excitation. It is demonstrated that due to the formation of these resonant magnetic field structures
the irregularities of energetic alpha particle orbits occur, and hence the substantial increasing of the losses from the plasma periphery 
is observed. RMPs slightly affect the first orbit losses of fusion alphas. 
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ɉɨɞɚɜɥɟɧɢɟ ɝɪɚɧɢɱɧɨ-ɥɨɤɚɥɢɡɨɜɚɧɧɵɯ ɦɨɞ (ELMs) ɜɧɟɲɧɢɦɢ ɪɟɡɨɧɚɧɫɧɵɦɢ ɦɚɝɧɢɬɧɵɦɢ ɜɨɡɦɭɳɟɧɢɹɦɢ (RMPs) ɢ ɢɯ
ɜɥɢɹɧɢɟ ɧɚ ɩɟɪɟɧɨɫ ɩɥɚɡɦɵ ɚɤɬɢɜɧɨ ɢɡɭɱɚɟɬɫɹ ɧɚ ɫɨɜɪɟɦɟɧɧɵɯ ɬɨɤɚɦɚɤɚɯ. ȼ ɪɚɛɨɬɟ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɢɡɦɟɧɟɧɢɟ ɫɤɨɪɨɫɬɢ
ɩɨɬɟɪɶ ɬɟɪɦɨɹɞɟɪɧɵɯ ɚɥɶɮɚ ɱɚɫɬɢɰ ɩɪɢ ɧɚɥɢɱɢɢ RMPs ɜ ɬɨɤɚɦɚɤɚɯ. Ⱦɚɧɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɩɪɨɜɟɞɟɧɨ ɜ ɨɞɧɨɱɚɫɬɢɱɧɨɦ
ɩɪɢɛɥɢɠɟɧɢɢ. Ⱦɥɹ ɭɩɪɨɳɟɧɢɹ ɜɵɱɢɫɥɟɧɢɣ ɜ ɪɚɛɨɬɟ ɢɫɩɨɥɶɡɭɟɬɫɹ ɦɨɞɟɥɶ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɫ ɤɪɭɝɥɵɦɢ ɦɚɝɧɢɬɧɵɦɢ
ɩɨɜɟɪɯɧɨɫɬɹɦɢ. ɋɜɨɣɫɬɜɚ ɩɟɪɟɧɨɫɚ ɚɥɶɮɚ ɱɚɫɬɢɰ ɢɡɭɱɚɸɬɫɹ ɩɭɬɟɦ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɞɜɢɠɟɧɢɹ ɚɧɫɚɦɛɥɹ ɩɪɨɛɧɵɯ ɱɚɫɬɢɰ ɜ
ɬɟɱɟɧɢɟ 3 ɫɟɤɭɧɞ. Ɍɪɚɟɤɬɨɪɢɹ ɤɚɠɞɨɣ ɱɚɫɬɢɰɵ ɪɚɫɫɱɢɬɵɜɚɥɚɫɶ ɧɚ ɨɫɧɨɜɚɧɢɢ ɭɪɚɜɧɟɧɢɹ ɩɨɥɧɨɣ ɨɪɛɢɬɵ. ɉɪɢ ɢɫɫɥɟɞɨɜɚɧɢɢ
ɷɜɨɥɸɰɢɢ ɚɧɫɚɦɛɥɹ ɱɚɫɬɢɰ ɛɵɥɢ ɜɵɞɟɥɟɧɵ 3 ɪɟɠɢɦɚ ɩɨɬɟɪɶ. Ɉɛɪɚɡɨɜɚɧɢɟ ɦɚɝɧɢɬɧɵɯ ɨɫɬɪɨɜɨɜ ɫɨ ɫɬɨɯɚɫɬɢɱɟɫɤɢɦɢ ɫɥɨɹɦɢ
ɧɚ ɩɟɪɢɮɟɪɢɢ ɩɥɚɡɦɵ ɹɜɥɹɟɬɫɹ ɟɫɬɟɫɬɜɟɧɧɵɦ ɫɥɟɞɫɬɜɢɟɦ ɢɫɩɨɥɶɡɨɜɚɧɢɟ RMPs. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɨɛɪɚɡɨɜɚɧɢɟ ɷɬɢɯ
ɪɟɡɨɧɚɧɫɧɵɯ ɫɬɪɭɤɬɭɪ ɜ ɬɨɩɨɥɨɝɢɢ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɩɪɢɜɨɞɢɬ ɤ ɧɟɪɟɝɭɥɹɪɧɨɦɭ ɩɨɜɟɞɟɧɢɸ ɨɪɛɢɬ ɷɧɟɪɝɢɱɧɵɯ ɚɥɶɮɚ ɱɚɫɬɢɰ,
ɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɧɚɛɥɸɞɚɟɬɫɹ ɫɭɳɟɫɬɜɟɧɧɨɟ ɭɜɟɥɢɱɟɧɢɟ ɩɨɬɟɪɶ ɷɬɢɯ ɱɚɫɬɢɰ. RMPs ɫɥɚɛɨ ɜɥɢɹɸɬ ɧɚ ɩɨɬɟɪɢ ɚɥɶɮɚ ɱɚɫɬɢɰ
ɧɚ ɩɟɪɜɨɣ ɨɪɛɢɬɟ.
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ɉɨɫɥɚɛɥɟɧɧɹ ɝɪɚɧɢɱɧɨ-ɥɨɤɚɥɿɡɨɜɚɧɢɯ ɦɨɞ (ELMs) ɡɨɜɧɿɲɧɿɦɢ ɪɟɡɨɧɚɧɫɧɢɦɢ ɦɚɝɧɿɬɧɢɦɢ ɡɛɭɪɟɧɧɹɦɢ (RMPs) ɬɚ ʀɯ ɜɩɥɢɜ ɧɚ
ɬɪɚɧɫɩɨɪɬ ɩɥɚɡɦɢ ɚɤɬɢɜɧɨ ɜɢɜɱɚɽɬɶɫɹ ɧɚ ɫɭɱɚɫɧɢɯ ɬɨɤɚɦɚɤɚɯ. ȼ ɪɨɛɨɬɿ ɪɨɡɝɥɹɞɚɽɬɶɫɹ ɡɦɿɧɚ ɲɜɢɞɤɨɫɬɿ ɜɬɪɚɬ ɬɟɪɦɨɹɞɟɪɧɢɯ
ɚɥɶɮɚ ɱɚɫɬɢɧɨɤ ɡɚ ɧɚɹɜɧɨɫɬɿ RMPs ɭ ɬɨɤɚɦɚɤɚɯ. Ⱦɚɧɟ ɞɨɫɥɿɞɠɟɧɧɹ ɩɪɨɜɟɞɟɧɨ ɜ ɨɞɧɨɱɚɫɬɢɧɤɨɜɨɦɭ ɧɚɛɥɢɠɟɧɧɿ. Ⱦɥɹ
ɫɩɪɨɳɟɧɧɹ ɪɨɡɪɚɯɭɧɤɿɜ ɭ ɪɨɛɨɬɿ ɜɢɤɨɪɢɫɬɨɜɭɽɬɶɫɹ ɦɨɞɟɥɶ ɦɚɝɧɿɬɧɨɝɨ ɩɨɥɹ ɡ ɤɪɭɝɥɢɦɢ ɦɚɝɧɿɬɧɢɦɢ ɩɨɜɟɪɯɧɹɦɢ. ȼɥɚɫɬɢɜɨɫɬɿ
ɬɪɚɧɫɩɨɪɬɭ ɚɥɶɮɚ ɱɚɫɬɢɧɨɤ ɜɢɜɱɚɸɬɶɫɹ ɲɥɹɯɨɦ ɦɨɞɟɥɸɜɚɧɧɹ ɪɭɯɭ ɚɧɫɚɦɛɥɸ ɩɪɨɛɧɢɯ ɱɚɫɬɢɧɨɤ ɩɪɨɬɹɝɨɦ 3 ɫɟɤɭɧɞ.
Ɍɪɚɽɤɬɨɪɿɹ ɤɨɠɧɨʀ ɱɚɫɬɢɧɤɢ ɪɨɡɪɚɯɨɜɭɜɚɥɚɫɹ ɧɚ ɨɫɧɨɜɿ ɪɿɜɧɹɧɧɹ ɩɨɜɧɨʀ ɨɪɛɿɬɢ. ɉɪɢ ɞɨɫɥɿɞɠɟɧɧɿ ɟɜɨɥɸɰɿʀ ɚɧɫɚɦɛɥɸ
ɱɚɫɬɢɧɨɤ ɛɭɥɢ ɜɢɞɿɥɟɧɿ 3 ɪɟɠɢɦɢ ɜɬɪɚɬ. ɍɬɜɨɪɟɧɧɹ ɦɚɝɧɿɬɧɢɯ ɨɫɬɪɨɜɿɜ ɡɿ ɫɬɨɯɚɫɬɢɱɧɢɦɢ ɲɚɪɚɦɢ ɧɚ ɩɟɪɢɮɟɪɿʀ ɩɥɚɡɦɢ ɽ
ɩɪɢɪɨɞɧɿɦ ɧɚɫɥɿɞɤɨɦ ɜɢɤɨɪɢɫɬɚɧɧɹ RMPs. ɉɨɤɚɡɚɧɨ, ɳɨ ɭɬɜɨɪɟɧɧɹ ɰɢɯ ɪɟɡɨɧɚɧɫɧɢɯ ɫɬɪɭɤɬɭɪ ɭ ɬɨɩɨɥɨɝɿʀ ɦɚɝɧɿɬɧɨɝɨ ɩɨɥɹ
ɩɪɢɡɜɨɞɢɬɶ ɞɨ ɧɟɪɟɝɭɥɹɪɧɨʀ ɩɨɜɟɞɿɧɤɢ ɨɪɛɿɬ ɟɧɟɪɝɿɣɧɢɯ ɚɥɶɮɚ ɱɚɫɬɢɧɨɤ, ɿ, ɹɤ ɧɚɫɥɿɞɨɤ, ɫɩɨɫɬɟɪɿɝɚɽɬɶɫɹ ɡɧɚɱɧɟ ɩɿɞɜɢɳɟɧɧɹ
ɜɬɪɚɬ ɰɢɯ ɱɚɫɬɢɧɨɤ. RMPs ɫɥɚɛɨ ɜɩɥɢɜɚɸɬɶ ɧɚ ɜɬɪɚɬɢ ɚɥɶɮɚ ɱɚɫɬɢɧɨɤ ɧɚ ɩɟɪɲɿɣ ɨɪɛɿɬɿ.
ɄɅɘɑɈȼȱ ɋɅɈȼȺ: RMPs, ɜɬɪɚɬɢ ɩɪɨɞɭɤɬɿɜ ɫɢɧɬɟɡɭ, ɪɿɜɧɹɧɧɹ ɩɨɜɧɨʀ ɨɪɛɿɬɢ, ɚɥɶɮɚ ɱɚɫɬɢɧɤɚ.
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The confinement of energetic ions such as fusion produced α − particles is essential to maintain burning plasma 
conditions. Tokamak experiments on charged fusion product confinement and direct loss measurements [1-3] gave rise 
to intensive theoretical and numerical investigations on α − particle behavior in tokamak plasmas. Fast ions play an 
essential role in the physics of tokamak as they drive a significant part of the processes in magnetic confined plasma [4-
6]. On the one hand, fusion born ion energy should be transferred to the background plasma to maintain ignition. On the 
other hand, cold fusion ions should be removed for radiation energy loss decreasing. 
While in many studies the tokamak has been associated with an axisymmetric configuration, the real toroidal 
magnetic field lines will always exhibit undulations. These undulations can be roughly divided into toroidal and helical 
perturbations. The toroidal perturbations of magnetic field caused by a discreteness of toroidal field (TF) magnetic 
coils. TF ripple can result in a significant loss of energetic particles in a tokamak [7-10]. The main causes for helical 
perturbations are machine error field, externally applied resonant magnetic field perturbations (RMPs) and plasma MHD-
instabilities of the same or different helicities. This type of perturbations can result energetic ion losses too [11-14]. 
For the first time the efficiency of RMPs in suppression of ELMs was demonstrated in DIII-D experiments [15-
17]. Further the experiments with RMPs were carried out on tokamaks: JET [18-20], MAST [21], Compass-C [22], 
TEXTOR [23], NSTX [24], Asdex Upgrade [25] in order to control particle and heat flux at the plasma edge. In 
addition the recent successful experiments on Type-I ELMs suppression in DIII-D using a radial magnetic perturbation 
are of great interest for the next-step tokamak ITER [26]. 
The RMPs become powerful tool for modifying the edge transport properties and for plasma stability control [27-
29]. The main aim of proposing ergodization of magnetic fields in tokamaks by RMPs was the distribution of the power 
to a large fraction of the walls [30]. It is still an issue for large scale steady state fusion devices. But more studying is 
needed of its effect on charged high-energy fusion product confinement. Especially important this interaction becomes 
in the modern fusion tokamaks and future reactors. The modification of edge transport properties of fusion products 
becomes the crucial point for approving the application of RMPs on forthcoming fusion reactors. 
The aim of this paper is to study the fusion α − particle losses driven by RMPs which are used for mitigation or 
complete suppression of edge localized modes (ELMs), which are intrinsic instabilities in H-mode plasmas. For this 
purpose numerical code was developed. This code simulates the dynamics of the particle ensemble. The simulation is 
based on the test-particle approach. To calculate each particle trajectory the numerical solution of the full orbit equation 
is carried out by the Runge-Kutta method. Coulomb collisions are taken into account by a 3-dimensional Monte-Carlo 
operator employing a continuous spectrum of random velocity changes [31]. 
The paper is organized as follows, in the section MODELS, ASSUMPTIONS AND NUMERICAL 
PROCEDURES the model of the magnetic configuration, geometrical parameters and plasma parameters used in 
numerical simulation are presented. The effect of RMPs on particle dynamics is demonstrated with the help of 
numerical treatment based on solving full orbit equation (Newton-Lorentz equation) in the section NUMERICAL 
RESULTS. Discussion and conclusions are presented in the section DISCUSSION AND CONCLUSIONS.
MODELS, ASSUMPTIONS AND NUMERICAL PROCEDURES 
Ensemble dynamics evaluation 
In order to simulate the ensemble dynamics each particle from the ensemble was traced. The trajectories of these 
particles were calculated from the Newton-Lorentz equation
[ ]em e
c
= +r E rB  , (1)
where r  is the charged particle radius-vector, m , e  are ion mass and charge, c  is the light speed in the vacuum, E
and B  are electric and magnetic field vectors. The effect of the electric field is not included in present calculation. This 
equation was rewritten in the form of the system of ordinary differential equations. The obtained system of equations 
was solved numerically by Runge-Kutta method. Each trajectory was saved in the separate file. Then the set of these 
files was proceeded to analyze the ensemble dynamics. 
The transport of alpha particles is often calculated with the guiding center approximation, which follows just the 
center of Larmor motion and treats magnetic moment as constant. The RMPs causes the magnetic field line undulations 
of about 5cm  in radial direction that is comparable with Larmor radius of fast ions. These features can break the 
approximation because of large gradients of the magnetic field strength and large Larmor radii of alpha particles. 
Magnetic field model 
In the present calculation the quasi-toroidal coordinates ( ), ,r ϑ ϕ  are used, where r  is a radial coordinate; ϑ  and 
ϕ  are the poloidal and toroidal angles, respectively. For reasons of a simpler demonstration the simulation treats alpha 
particles in tokamaks with circular magnetic flux surfaces. The main magnetic field is introduced in the following form 
( )0 0 0
0
0, , 1B R r r
R R
ι
­ ½
= ® ¾
¯ ¿
B , (2)
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where B0 is the magnetic field on-axis of torus, 0 cosR R r ϑ= − , 0 296R cm=  is the major radius of the torus, ι  is 
the rotational transform. 
The externally applied resonant magnetic perturbations are written as [32] 
( ) ( ){ }
1
1 0 0
, sin ;cos ;0
m
m n
c
B R rb m n m n
R a
ϑ ϕ ϑ ϕ
−
§ ·
= − −¨ ¸
© ¹
B , (3)
where ,m nb  is the ratio of the RMPs amplitude to the on-axis magnetic field, ca  is the RMP coil radius, m  and n  are 
the poloidal and toroidal numbers of the perturbation field, respectively.
For numerical simulation we used the JET-like magnetic 
configuration. Parameters of this configuration are 
4
0 2 10 GsB = ⋅ , ( )20.8 0.55 r aι = − , and plasma minor 
radius 120a cm= .
Parameters of RMPs are the following 45 10mnb
−
= ⋅ ,
3, 1m n= =  and 150ca cm= . These values adequately 
represent experimental ones used for suppression of ELM-
activity on JET [21]. The corresponding topology of the 
magnetic surfaces is presented on Fig. 1. Here the Poincare 
plot of the regular magnetic surfaces is depicted together with 
the stochastic magnetic layer on the edge (in gray) and with 
the isolated magnetic island chains (in black). It should be 
noted, that magnetic field structure corresponds to that one 
which is calculated by Nardon et al. in paper [21] in approach 
of vacuum error field correction coil perturbations and 
axisymmetric tokamak equilibrium. It should be noted that 
recently the shielding effect of plasma response currents on 
magnetic field topology is discussed [33,34]. Account of the 
tokamak real geometry and plasma response currents is 
underway now. 
Monte-Carlo collision operator 
Coulomb collisions are taken into account by a 3-dimensional Monte-Carlo operator employing a continuous 
spectrum of random velocity changes. A test particle changes its velocity components parallel and perpendicular to the 
magnetic field line from ( ),υ υ⊥&  to ( ),υ υ⊥′ ′&  by collision with plasma particles, relations among these velocity 
components are given by [31] 
where 2 2υ υ υ⊥= +&  is the total velocity of the test particle, Ω  is the Larmor phase, Lυ+ , Tυ+  are the longitudinal 
and transverse components of the velocity change, respectively. To calculate small random velocity changes due to 
collisions some assumptions about background plasma should be made. The background plasma consists of 50% 
mixture of deuterium and tritium ions. The number of electrons satisfies the charge neutrality condition. The plasma 
component density and temperature radial profiles were chosen in form ( ) ( )( )280 1n r n r aβ β= − , ( ) ( )( )0,520 1T r T r aβ β= −
where subscript β  designates sort of plasma particles ( ), ,e D Tβ = . On-axis electron density is the following 
14 3
0 10en cm−=  and ion density is 0 0 00.5D T en n n= = . The temperatures on-axis of the all background plasma ions 
and electrons are assumed to be equal 0 10T keVβ = . All numerical treatments presented in this paper are performed in 
assumption of Maxwellian plasma. 
NUMERICAL RESULTS 
Firstly the dynamics of the fusion born α − particles was simulated for two cases: with and without RMPs. In both 
cases the trajectories of the 400 particles were calculated. It was assumed that α − particle is born as a result of 
Fig.  1. Tokamak magnetic configuration under resonant 
magnetic perturbations ( 45 10mnb
−
= ⋅ , 3, 1m n= = )
sinL T
υ υ
υ υ υ υ
υ υ
⊥
′ = + Δ + Δ Ω&& & ,
( ) ( ){ }12 22 2L Tυ υ υ υ υ⊥′ ′= + Δ + Δ − & , (4)
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deuterium and tritium ions fusion reaction. Thus the initial energy for all particles of the ensemble was 0 3.5E MeV= .
The initial positions of α − particles are assumed to be on flux surface near circular axis with 0 10r cm= . The toroidal
 and poloidal angles of the start position were 
generated randomly with uniform distribution. The 
initial distribution in 3D velocity space was assumed 
to be isotropic. It should be noted, that initial 
ensemble for both cases was the same. The trajectory 
calculation stops either particle reaches plasma 
boundary 120r cm=  or time exceeds 3.5 s .
The results of the simulations are presented on 
the Fig. 2. The density evolution of the α − particles
ensemble with and without RMPs is shown black line 
and gray line, respectively. The relative density 
difference in the referred above cases is indicated by 
bold black line. The right vertical axis corresponds to 
the relative density difference. 
One can see from Fig. 2 that resonance magnetic 
perturbations, which are used for ELMs suppression 
in tokamak, give rise to increased fusion product 
losses of about 30 %. Besides that in these two cases 
(with and without RMPs) three transport regimes can 
be matched. The losses in the first regime were 
identified as first orbit losses. It was concluded from 
analyzing the pitch-angle distributions of the lost and confined particles. Besides that sampled trajectories were 
analyzed. These first orbit losses occur in the first 10 sμ  after ensemble born. And we will discuss it in details below. 
Next regime is characterized by almost lossless ensemble evolution and it lasts till 1s . It will be referred in this article 
as the “plato regime”. And the last regime is characterized by slow losses. It should be noted that the relative density 
difference achieves its maximum in this regime. The effect of the RMPs on the α − particle losses in the first and 
second regimes doesn’t exceed 2%. 
To study the effect of RMPs on the first orbit losses of fusion born α − particles, the ensemble dynamics was 
investigated during the first 10 sμ in details. On this purpose the ensembles containing 1000 particles were considered 
to improve statistics. The density evolutions of the 
α − particle ensemble under different simulation 
parameters are shown in the Fig. 3. To compare the 
effect of RMPs and Coulomb collisions several 
numerical simulations were carried out using Monte 
Carlo collision operator. The two different 
α − particle ensembles were used in each numerical 
simulation:
1) without RMPs, with Coulomb collisions; 
2) with RMPs for amplitude 40 5 10mnb B
−
= ⋅ , with 
Coulomb collisions; 
3) with RMPs for amplitude 40 50 10mnb B
−
= ⋅ ,
with Coulomb collisions; 
4) with RMPs for amplitude 40 50 10mnb B
−
= ⋅ ,
without Coulomb collisions;
5) without RMPs, without Coulomb collisions. 
As it seen on the Fig. 3 the first orbit losses occur 
from 3 sμ to 6 sμ . For the chosen simulation 
parameters this time interval corresponds to 50 cT α , where cT α is the cyclotron period of the α − particle. Besides that 
it is clearly seen that the effect of RMPs on first orbit losses is insignificant and doesn’t exceed 2%. Coulomb collisions 
do not effect the particle trajectories on present time scale as well. The differences between densities at the end of 
evolution are caused by the initial distributions of α − particle ensemble in the velocity space. 
The same investigation was carried out for proton ensemble. The density evolutions for the both alphas and 
protons are shown in Fig. 4. It should be noted, that for this numerical simulation the protons with initial energy 
Fig. 2. The density evolution of the α − particle ensemble with 
initial energy 0 3.5E MeV=  and birth position 0 10r cm=  for to 
cases: with and RMPs
Fig. 3. The density evolution of the α − particle ensemble (first orbit 
losses) with initial energy 0 3.5E MeV=  and birth position 
0 10r cm=  under different simulation paramaters shown at plot
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0 14.7E MeV=  which are born in 
3D He−  fusion reaction, were used. These protons can be used for diagnostics. 
From this figure it is seen that quantity of the α − particle first orbit losses is about 20%, and quantity of the proton first
orbit losses is about 70%. The developed approach for the description of the fast ions dynamics can be used for 
interpretation of experimental data on fast ion first 
orbit losses. The α − particle first orbit losses occur 
from 100 cpT  to 150 cpT , i.e. during 50 cpT . While the 
proton first orbit losses occur from 10 cpT  to 30 cpT ,
i.e. during 20 cpT .
After the first orbit losses the rest of the 
particles drift towards the plasma periphery due to 
Coulomb collisions. This drift is referred above as 
‘plato’ regime. This period lasts for about 1 second, 
and at the end of it the remaining particles have the 
energy less than 70keV . The detailed investigation 
of third regime which follows the “plato” regime is 
underway now. 
DISCUSSION AND CONCLUSIONS 
Agitating the confining magnetic field by 
resonant magnetic perturbations (RMPs) is a modern 
method to control the plasma edge transport. RMPs 
are used for suppression of edge-localized modes 
(ELM) in tokamaks. Modelling of particle motion 
that covers a broad particle energy range is an 
important approach that should clarify the key aspects 
of the experimental observations with RMPs. The 
application of RMPs in future devices such as ITER requires an understanding of the perturbed magnetic structure and 
the correlated modification of transport.
In present paper the evolution of alpha-particle losses due to RMPs is studied by means of test-particle approach. 
The significance of the performed simulations is the integration of the full orbit equations and good conservation of 
motion invariants is observed during the tracing time about 3 seconds. This time is long enough to draw out the main 
conclusions about the loss rates of alphas.
Numerical simulations of the fusion born α − particles ensemble dynamics have shown that
- Three main transport regimes are identified during the evolution of the ensemble: first orbit losses, “plato” 
regime and slow losses (Fig. 2); 
- The most significant effect of the RMPs is observed on the slow losses, i.e. RMP losses. The ensemble relative 
density difference reaches the value of about 30 % under RMPs application for this regime; 
- It is demonstrated that RMPs affect only slightly the first orbit losses of fusion alphas. Trajectories of the 
energetic particles were traced during 10 microseconds in magnetic configurations with and without RMPs. 
It should be noted that the first orbit losses of fusion ions occur during first 10 sμ  after birth. This time interval is 
small for the slowing down and scattering on electrons and on ions. As it was demonstrated in this paper the effect of 
RMPs on the first orbit losses of the fusion born α − particles is insignificant and doesn’t exceed 2%. 
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